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Reactions of Fatty Materials with Oxygen. XII. New Method for Concentrating
Long-chain Peroxides®?

By JosepH E. CoLEMAN, H. B. KNIGHT AND DANIEL SWERN

Published procedures for the concentration of peroxides from autoxidized methyl oleate are generally small-scale proce-
dures, they are tedious and time-consuming, and yields are low and difficult to duplicate. By precipitation of the non-
peroxidic portion of methyl oleate autoxidation mixtures (containing 4-37% peroxides) as urea complexes, concentrates
containing 70-90% peroxides have been isolated from the filtrates in 50-95% yields. The three isolation techniques de-
veloped are applicable on a large laboratory scale, no specialized equipment or chemicals are required, temperatures in
the range of room temperature to the boiling point of methanol are employed, and the procedures are readily duplicated.
Preliminary study indicates that the new techniques are applicable to the concentration of peroxides from autoxidized methyl

claidate and polyunsaturated acids.

Concentrating long-chain peroxides is one of the
most important and difficult problems in studies on
the autoxidation of fats and compounds derived
from them. Although a few procedures have been
published*~3 to accomplish this, with the exception
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of the recent work on methyl linoleate hydroperox-
ide®® the techniques are generally tedious, they are
small-scale operations, frequently yields are low,
and the degree of concentration is usually not high.
In concentrating peroxides formed during autoxida-
tion of methyl oleate, some difficulty has been ex-
perienced in duplicating published procedures.

In view of these inadequacies and the importance
of the peroxides from autoxidized methyl oleate in
reaction mechanism and other investigations being
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conducted in this Laboratory, a simple procedure
was sought which could be readily duplicated, was
applicable on a large-size laboratory scale, could be
conducted at reasonable temperatures, required no
specialized equipment, chemicals or techniques,
gave a high recovery of peroxide concentrate, and
required the minimum of manipulation so that
changes, if any, in the peroxide structure during
handling would be held to a minimum.
Consideration was therefore given to the use of
a new technique, discovered by Bengen® in 1940,
in which a novel principle, namely, the size and
shape of molecules, is the basis for separating or-
ganic compounds. Bengen® and subsequently oth-
ers,19-13 have shown that urea forms well-defined,
easily handled crystalline complexes with many
straight-chain compounds but generally not with
cyclic or branched-chain compounds. Long-chain
peroxides or hydroperoxides can be considered
branched-chain ~compounds, since they contain
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along the straight chain. It seemed, therefore,
that it should be possible to precipitate the non-
peroxidic portion of a methyl oleate autoxidation
mixture as urea complexes, leaving a peroxide con-
centrate in the filtrate.

The initial approach to the problem consisted in
development of conditions for the substantially
quantitative precipitation of methyl oleate as a
urea complex, followed by determining whether non-
peroxidic, oxygen-containing substances (oxirane,
hydroxy, keto compounds), also formed during au-
toxidation, would form urea complexes in high
yield. Thisapproach was necessary because during
the initial stages of autoxidation of methyl oleate,
the reaction mixture consists mainly of unoxidized
methyl oleate containing small amounts of perox-
ides, and as the oxidation continues the mixture be-
comes more complicated and also contains a variety
of oxygen-containing molecules in small amounts.!s
In the model experiments, it was found that methyl
oleate, low- and high-melting methyl 9,10-dihy-
droxystearates, low-melting 9,10-dihydroxystearic
acid (but not the high-melting isomer),!® 12-hy-
droxystearic, 12-ketostearic, and cis- and frans-
9,10-epoxystearic acids readily formed urea com-
plexes in high yield (75-100%).%

Application of this new separation technique to
autoxidized methyl oleate containing 4-37%, per-
oxides yields peroxide concentrates containing 70—
909, peroxides, with a peroxide recovery of 50~95%.
It meets ‘the requirements outlined in the intro-
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relatively bulky groups

ductory paragraphs of this paper for a satisfactory
isolation procedure. The procedure consists in
treatment of the autoxidation reaction mixture
with a methanol solution or slurry of urea for a
sufficient time (2 to 24 hours) to precipitate most
of the non-peroxidic constituents as urea complexes.
These are filtered off at room temperature, and
the peroxides are isolated from the filtrate by evap-
oration of methanol, addition of water to dissolve
the excess urea, and solvent extraction. The per-
oxide concentrates are pale yellow oils.

In several instances, the crystalline urea com-
plexes have been decomposed by addition of water,
yielding the non-peroxidic material as a yellow oil
consisting mainly of methyl oleate. After frac-
tional distillation, this is suitable for re-oxidation.

Experimental

Materials Used.—The urea was reagent grade; the abso-
lute methanol (synthetic) was A.C.S. reagent grade.
Methyl oleate was prepared from the fatty acids of olive oil
by multiple fractional distillation and low-temperature
crystallization from acetone.!?~%

Preparation of Urea Complex of Methyl Oleate in High
Yield.—Five grams of methyl oleate was added to a boiling
solution of 85 g. of urea in 100 ml. of methanol. The boil-
ing was continued only until the solution became homogene-
ous; crystals of the complex began to form just below the
boiling point. The mixture was allowed to stand overnight
at room temperature, and the crystals of urea complex and
urea were then filtered off and air-dried. These weighed
28.8 g. and contained 4.8 g. (96% yield) of methyl oleate,
as determined by the saponification number of the complex
(corrected for slight interference by urea).

Concentration of Peroxides from Autoxidized Methyl
Oleate. . (a) Solution Method.—A typical experiment is
described. Two hundred grams of methyl oleate which
had been autoxidized in the presence of ultraviolet light
until its peroxide content was 14.1%% (which usually re-
quired between 140-250 hours at 35°, about 20 hours at
70° and about six hours at 100°) was added, with mixing,
to a warm solution of 1150 g. of urea (approximately 7:1
based on the non-peroxidic portion of the autoxidation mix-
ture) in 3450 ml. of methanol contained in a 2.5-gallon
Pyrex bottle. Crystals formed immediately, and the solu-
tion was allowed to stand overnight at room temperature and
then filtered with suction. The precipitate of urea com-
plexes weighed 690 g. and contained 165 g. of esters, which
were substantially peroxide-free. The solvent was evapor-
ated from the filtrate at room temperature, water was added
to dissolve the excess urea, and the water-insoluble oily
material was extracted with petroleum ether (boiling range,
35-60°). The petroleum ether solution was washed with
water several times to remove residual urea, and the solvent
was evaporated under vacuum at room temperature (nitro-
gen gas was used for agitation), yielding a pale yellow oil
which weighed 34 g. This contained 75% peroxide®;
the yield of peroxide recovered was 90%-

This experiment, repeated numerous times, gave 85-909%,
yields of 70-80% peroxide concentrates.

(b) Slurry Method.—This method was employed only in
the larger scale operations, where it was desirable to reduce
the quantity of urea and methanol. Three hundred grams
of autoxidized methyl oleate (containing 14.3% peroxide)
was added slowly to a well-mixed slurry of 950 g. of urea and
950 ml. of methanol in a 3-1. resin flask equipped with a
stirrer, which scraped the sides of the container continu-
ously. Since formation of the complex is exothermic, the
autoxidized methyl oleate was added at such a rate that the
internal temperature did not exceed 40°. After being
stirred for eight hours, the slurry was filtered with suction,
and the filtrate was handled as described under Solution
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Mecthod. The peroxide concentrate obtained weighed 24
g. and contained 899 peroxide (the yield of Peroxide re-
covered was 50%).

Many repetitions of this experiment resulted in 50-70%
yields of 80-909% peroxide concentrates. A single washing
of the precipitate of urea complexes on the funnel with ap-
proximately 150 ml. of methanol saturated with urea re-
sulted in an increased recovery of peroxide concentrate of
about 15%, thus bringing the yields almost up to those ob-
tained by the Solution Method.

(c) Solution-Slurry Method.—This is the preferred
method at the present time. Slightly higher yields of 80-
909, peroxide concentrate are obtained than in the Slurry
Method, the quantity of urea and methanol is lower than in
t!xe Solution Method, and the reaction time is only two to
six_hours. To a stirred boiling solution of 1500 g. of urea
in 3000 ml. of methanol in a 2.5-gallon Pyrex bottle, 350 g.
of autoxidized methyl oleate (containing 15.2% peroxide)
was added. The source of heat was removed immedialely,
and the mixture was stirred until it had reached room tem-
perature. The peroxide concentrate obtained from the
filtrate as already described weighed 44 g. and contained
839, peroxide; the yield of peroxide recovered was 69%.

Repetition of this experiment resulted in 60-759, yields of
80-909, peroxide concentrate. When autoxidized methyl
oleate containing about 4% peroxide was employed as the
starting material in the Solution-Slurry Method, somewhat
lower yields of peroxide concentrate were obtained, prob-
ably because of difficulty in separating the non-complex
fraction from the relatively large mass of urea complexes.

Concentration of Peroxides from Methyl Oleate Autoxi-
dized to High Levels. Solution-Slurry Method.—Methyl
oleate was autoxidized at 80° in the dark until the peroxide
content was 37%. One hundred grams was processed by
the Solution—Slurry Method; 380 g. of urea and 640 ml. of
methanol were employed. The filtrate from the unwashed
precipitate of urea complexes yielded 27 g. of peroxide con-
centrate containing 83% peroxide; peroxide recovery was
61%. When the precipitate of urea complexes was washed
on the funnel with about 300 ml. of methanol saturated with
urea, an additional 5.5 g. of peroxide concentrate containing
709, peroxide was obtained. This corresponded to an ad-
ditional peroxide recovery of 10%, making the total yield
of peroxide recovered 71%.

The peroxide concentrate was not completely soluble in
carbon bisulfide whereas peroxide concentrates obtained
from methyl oleate autoxidized to lower levels (15-20%)
were usually completely soluble. .The carbon bisulfide-’
insoluble material was a white solid which amounted to
about 1%, of the peroxide concentrate. Its melting point
was 130-131°, and when it was mixed with authentic 9,10-
dihydroxystearic acid (m.p. 130-131°) the melting point
was 120-131°. It was tentatively identified as high-melting
9,10-dihydroxystearic acid, but insufficient material was
available for confirmation.

Discussion

The best yields (85-95%) of peroxide concen-
trates were obtained by the Solution Method, but
the concentration of peroxides rarely exceeded
75%. When the yield of peroxide was of greater
importance than the degree of concentration, this
method was preferred. Its main disadvantage
was the large quantities of urea and methanol re-
quired, particularly when large quantities of the
autoxidation mixture were to be processed. On the
other hand, the Slurry Method required the mini-
mum quantities of urea and methanol and was the
most convenient for the largest scale laboratory
operations, but the recovery of peroxides was fre-
quently only fair (50-70%), even though the degree
of concentration was high (80-90%). The Solu-
tion-Slurry Method was a compromise (60-75%
yields of 80-90% concentrates) between the high
yields and clean operation of the Solution Method
and the small reagent requirements of the Slurry
Method. In addition, with all the reactants in

solution at the outset, reaction time was generally
short, often two hours. Since the formation of
complex is exothermic, the reaction was terminated
when the internal temperature of the mixture
reached room temperature, or nearly so. Yields of
peroxide concentrate by the Slurry or Solution-
Slurry Methods were increased almost to the levels
of the Solution Method by a single washing of the
precipitated urea complexes on the funnel with
methanol saturated with urea. The peroxide con-
centrate isolated from the methanol wash had a
slightly lower peroxide content than did the main
portion of the product.

When the peak value for peroxide content in the
autoxidation reaction mixture is passed, and the
peroxide content is decreasing, the urea separation
technique is unsatisfactory in all cases, both with
respect to yield of peroxide recovered and degree
of concentration achieved. For this reason, we
always process autoxidation mixtures before they
reach their maximum peroxide content to be sure
that this interference is avoided.

Furthermore, in terms of the efficiency of utiliz-
ing methyl oleate, we autoxidized almost to the
maximum peroxide level, which is about 389, be-
cause yields of peroxide concentrate are dpproxi-
mately the same in the range of about 4 to 379, per-
oxide in the autoxidation mixture.

An important question which concerned us was
the failure to obtain directly from the autoxida-
tion mixture peroxide concentrates containing
more than 90%, peroxide. Furthermore, retreat-
ment with urea of peroxide concentrates containing
759, peroxide also failed to yield concentrates con-
taining more than 909, peroxide. Complete analy-
sist#? of the original autoxidation mixtures and,
more particularly, of the peroxide concentrates
furnished some information on this point. The
original autoxidation mixtures contained approxi-
mately 1-2% of oxiranes, carbonyls and a-glycols,
in addition to some free acid, probably cleavage or
hydrolytic products. These ‘minor components
would undoubtedly fail to precipitate as urea
complexes and would be concentrated in the filtrate
containing the peroxide. Confirmation of this was
the fact that peroxide concentrates (75% peroxide)
contained approximately 5-10% of oxiranes, 5-10%
of carbonyls and about 10% of a-glycols. Fur-
thermore, some of the peroxide molecules may have
other oxygen-containing functional groups, thus
contributing to the failure to obtain an analytical
value of 1009 peroxide, based on methyl octade-
cenoate peroxide as the reference compound. Also,
small amounts of methyl oleate, which is the main
non-peroxidic component of the autoxidation mix-
ture, or possibly methyl elaidate (formed as a re-
sult of an oxidatively induced cis—trans isomeriza-
tion)?? would pass into the peroxide fraction because
even under the best conditions pure methyl oleate
gives a maximum yield of urea complex of about
96%.

To demonstrate the generality of the peroxide
concentration techniques, preliminary experiments
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were conducted with linoleic and linolenic acids
autoxidized at 20° to a peroxide content of about
7-8%, or methyl elaidate autoxidized at 35° to a
peroxide content of 18%. With linoleic acid and

methyl elaidate, a fourfold increase in peroxide
content was achieved; with linolenic acid, the in-
crease was twofold.



